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(54) An implement for automatically milking animals 



(57) the invention relates to an implement for milk- 
ing animals, such as cows, provided with a milking robot 



including a robot arm (14; 26) which is adapted to carry 
teat cups (21), characterized in that there is disposed 
a pivotable camera on the robot arm (14; 26). 
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Description 

[0001] The present invention relates to an implement 
for automatically milking animals, such as cows, provid- 
ed with a milking robot including a robot arm which is 
adapted to carry teat cups. 
[0002] Such an implement is known. 
[0003] It is the object of the invention to provide an 
alternative implement. 

[0004] According to a first aspect of the invention this 
is achieved by an implement as defined in claim 1 . 
[0005] According to a second aspect of the invention 
this is achieved by an implement as defined in claim 3. 
[0006] In both cases it will be possible to determine 
accurately the position of the teats in a horizontal plane 
by means of picture analysis. 

[0007] The invention further relates to an implement 
for mijking animals, such as cows, provided with a milk- 
ing robot including a robot arm which is adapted to carry 
teat cups, characterized in that on the robot arm there 
are disposed at least two cameras, of which at least one 
is designed as an infrared camera. In this way the im- 
plement can be operative 24 hours a day. 
[0008] It will be obvious that the embodiments of the 
detector mentioned here, independently of the way in 
which the milking robot, in particular as described here- 
inbefore, is produced, can be applied in any milking ro- 
bot that is provided with a robot arm construction. 
[0009] For a better understanding of the invention , ref- 
erence will now be made to the accompanying draw- 
ings, in which: 

Figure 1 shows a milking robot including a robot 
arm, in which the construction according to the in- 
vention is applied; 

Figure 2 shows a side view of this milking robot; 
Figure 3 shows an other type of milking robot having 
a robot arm, in which the construction according to 
the invention is applied; 

Figure 4 shows a cross-section in side view of the 
construction according to the invention; 
Figure 5 shows a plan view of this construction, the 
supporting element being omitted; 
Figure 6 shows a detail of this construction, and 
Figures 7 to 10 show the various positions which 
are taken by a housing and a teat cup during con- 
nection and during milking. 

[0010] Corresponding parts in the drawings are des- 
ignated by the same reference numerals. 
[001 1 ] The milk box 1 shown in Figures 1 and 2 is sur- 
rounded in a customary manner by a fencing 2 and pro- 
vided with a (non-shown) entrance and exit door. In the 
milk box and in the immediate vicinity thereof there is 
provided an automatic milking machine which, besides 
the usual milking equipment, includes a milking robot for 
automatically connecting teat cups to the teats of an an- 
imal to be milked which is present in the milk box, auto- 



matically milking said animal and automatically discon- 
necting the teat cups from the teats. The milking robot 
comprises a robot arm construction 3 movable in the 
longitudinal direction of the milk box 1 . Said robot arm 
5 construction is provided with a supporting unit 4, which 
is movable along rails 5 and 6. 

[0012] In the embodiment shown, the rail 5 is tubular 
and disposed in the middle above the milk box 1 in the 
longitudinal direction thereof by means of supports 7 at- 
tached to the fencing 2. The rail 6 is disposed approxi- 
mately halfway the height of the milk box at the longitu- 
dinal side of the fencing 2, i.e. at the side where the robot 
arm construction is located. The rail 6 is constituted by 
an angle section whose abutment face, over which the 
supporting unit 4 can be moved, is located at an angle 
of approximately 45° obliquely downwards and out- 
wards relative to the milk box 1 . Both at its upper side 
and its under side the supporting unit 4 is provided with 
rollers 8 and 9. Said rollers 8 and 9 are attached to the 
supporting unit 4 perpendicular to each other and at an 
angle of approximately 45° relative to a vertical plane in 
the longitudinal direction of the milk box, in such a man- 
ner that the supporting unit 4 is supported on the rail 5 
by means of the rollers 8 and on the rail 6 by means of 
the rollers 9, In order to prevent the supporting unit 4 
from being pushed from the rails 5 and 6, there are pro- 
vided locking means, e.g. constituted by an upright edge 
10 provided on the rail 6 or additional (non-shown) roll- 
ers, also attached to the supporting unit 4 and arranged 
diametrically opposite the rollers 8 relative to the rail 5, 
the rail 5 thus extending between the rollers. The sup- 
porting unit 4 is capable of being moved along the rails 
5 and 6 by means of a motor 11 . 
[0013] The robot arm construction is furthermore pro- 
vided with a sidewardly pivotable portion 12 comprising 
a carrier 13 extending substantially downwardly and a 
robot arm 1 4 attached thereto. The sidewardly pivotable 
portion 12 and consequently also the robot arm 14 are 
pivotable about a substantially horizontal pivotal axis 15, 
which is located at the upper side of the milk box or near 
thereto in the longitudinal direction thereof. The pivotal 
axis 15 and the centre line of the rail 5 are located in a 
substantially vertical plane. 

[0014] The sideward pivotability of the portion 12 is 
achieved by means of an operating cylinder 16, which 
is disposed between said pivotable portion 12 and the 
supporting unit 4. As already mentioned, the sidewardly 
pivotable portion 12 comprises the carrier 13 and the 
robot arm 14. The robot arm 14 is connected movably 
in height to the carrier 13 by means of an operating cyl- 
inder 1 7. Parallel to this operating cylinder 1 7 there are 
provided one or more guide rods 18 for counteracting a 
rotating movement of the robot arm 14 about an axis in 
the longitudinal direction of the operating cylinder 1 7 rel- 
ative to the carrier 1 3. 

[0015] The robot arm 14 comprises a portion 19 ex- 
tending obliquely downwards in the direction of the milk 
box and a portion 20 extending horizontally. The latter 
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portion 20, which is adapted to act as a carrier for the 
teat cups 21 , will be described in detail in what follows. 
On said portion 20 there is additionally arranged a de- 
tector 22 for determining the position of the teats. 
[0016] In order to make it possible for an animal to 
enter the milk box 1 without damaging the milking robot, 
the sidewardly pivotable portion 1 2 of the robot arm con- 
struction is pivotable outwardly to such an extent that 
the robot arm 14 is located almost entirely outside the 
milk box 1. When an animal is present in the milk box 
and the teat cups 21 have to be connected, the robot 
arm construction 3 has first to be moved by means of 
the motor 11 in the longitudinal direction of the milk box 
to such an extent, i.e. into a position in which the robot 
arm 14 has pivoted entirely or almost entirely outside 
the milk box, that, by means of the operating cylinder 

16, the robot arm 14 can be pivoted under the animal 
into a position in which the detector 22 is capable of de- 
termining the position of the teats. By subsequently op- 
erating the motor 1 1 and the operating cylinders 1 6 and 

1 7, it will be possible to connect the teat cups 21 to the 
teats. When adjusting a teat cup into the correct position 
for connecting same to a relevant teat, the pivotability 
of the robot arm 14 about the pivotal axis 15 may be of 
great advantage when the teats of the animal are direct- 
ed somewhat outwardly; a situation which occurs in par- 
ticular when relatively much time has elapsed since the 
previous milking run. 

[0017] Figure 3 shows the milk box 1 including the 
fencing 2 and a type of robot arm construction 23 which 
differs from the one shown in Figures 1 and 2. Also in 
this case, the robot arm construction 23 is movable by 
means of a motor in the longitudinal direction of the milk 
box along a rail 24 whilst making use of rollers 25. The 
robot arm construction 23 is provided with a carrier, ad- 
justable in height by means of a parallelogram construc- 
tion and an operating cylinder, which carrier is movable 
along the aforementioned rail 24 by means of a carrier 
frame. At the lower side of said carrier there is attached 
a robot arm 26 including a portion 20 which is pivotable 
in a horizontal plane. By means of operating cylinders 
27 and 28 said pivotable portion 20 is pivotable from a 
position outside the fencing 2 under the udder of an an- 
imal to be milked. The robot arm construction of Figure 
3 has already been described in detail in EP-A-0 519 
544; the description thereof is supposed to constitute 
part of the present description of the drawings. The hor- 
izontally extending portion 20 of the robot arm is equal 
in Figures 1 to 3 and will now be described with refer- 
ence to Figures 4 to 1 0. 

[0018] The horizontally extending robot arm portion 
20 comprises a supporting element 29. This supporting 
element comprises at least an upper side 30 and a rear 
side 31. For the purpose of being incorporated in the 
robot arm of Figures 1 and 2, the supporting element is 
further provided with a side plate, said side plate being 
fixed to the downwardly extending robot arm portion 19 
by means of bolts 32 (Figure 1 ). For the purpose of being 



incorporated in the robot arm of Figure 3, the supporting 
element is provided with two lugs 33, through which a 
vertical axis of rotation 34 can be inserted, by means of 
which axis of rotation the horizontally extending robot 
5 arm portion 20, under control of the operating cylinder 

28, is movable in a horizontal plane under the udder of 
an animal to be milked. 

[0019] For each teat cup 21 there is provided a hous- 
ing 35. Each housing is individually hinge-connected, 

10 rotatably about a hinge pin 36, to the supporting element 
29 and consists of two plates between which a teat cup 
21 is movably disposed. Each housing 35 is provided 
with a coupling mechanism 37 consisting of a bell crank 
38 and a control lever 39. At one end, the bell crank 38 

is is hinge-connected, rotatably about a hinge pin 40, to a 
housing 35. At the other end, the bell crank is hinge- 
connected, rotatably about a hinge pin 41 , to the control 
lever 39. From the bell crank 38 in the lower part of the 
housing 35 the control lever 39 extends forwardly and 

20 is hinge-connected at its front end, rotatably about a 
hinge pin 42, to a carrying shoe 43 for a teat cup 21 . The 
carrying shoe 43 is further hinge-connected, rotatably 
about a hinge pin 44, to the housing 35. In the housing 
35 there is provided an operating cylinder 45 which is 

25 connected, at one end, by means of a connecting ele- 
ment 46, rotatably about a hinge pin 47, to the support- 
ing element 29, and, at the other end, rotatably about a 
hinge pin 48, to the bell crank 38, more in particular at 
a point between the two hinge pins 40 and 41. In the 

30 configuration of Figure 4, the operating cylinder 45 is 
pulled in, so that the housing 35 has taken its lowest 
position and the carrying shoe 43 has taken such a po- 
sition that the teat cup carried thereby is supported by 
the carrying shoe 43 in an obliquely rearward direction. 

35 in this position, the position of rest, the open upper side 
of the teat cup 21 is guarded by the supporting element 

29, in particular by the upper wall 30 thereof. When the 
operating cylinder 45 is energized, the bell crank 38, ro- 
tating about. the hinge pin 40, is tilted forwardly relative 

*o to the housing 35, which movement is transferred via 
the control lever 39 to the carrying shoe, causing the 
latter to rotate about the hinge pin 44 until it gets locked 
against a stop 49 on the housing 35. The teat cup carried 
by the carrying shoe is thus adjusted into the operative 

45 position, i.e. the position in which the open upper side 
of the teat cup is no longer guarded by the supporting 
element. From this position, which is represented in Fig- 
ure 7, the teat cup can be moved upwards. Such an up- 
ward movement is achieved by further energizing the 

50 operating cylinder 45, so that the housing, rotating about 
the hinge pin 26, is pushed upwards. This situation is 
represented in Figure 8. When, afterthis upward move- 
ment, the teat cup 21 is connected to a relevant teat, the 
housing 35 can be moved downwards, which is 

55 achieved by energizing the operating cylinder 45 in the 
. other direction; see Figure 9. Although the teat cup 21 , 
which remains connected to the teat because of the vac- 
uum in the teat cup, is then released from the carrying 
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shoe 43, there remains a connection between the teat 
cup 21 and the housing by means of a flexibie element 
50, such as a cord, cable or string. Said flexible element 
50 extends from the bottom side of a teat cup 21, 
through a carrying shoe 43 and under a roller 51 , in the 
lower part of the housing 35 between the two side plates 
thereof, to an operating cylinder 52. During the down- 
ward pivoting movement of the housing, said operating 
cylinder must have been released, so that the flexible 
element, by means of which the teat cup 21 was previ- 
ously pulled againstthe carrying shoe 43, does not ham- 
per the teat cup when it is released from the carrying 
shoe. In order to avoid that the operating cylinder 52 is 
unnecessarily long, the flexible element 50 is passed 
over a guide element 53 at the end of the cylinder rod 
54 and is subsequently fixed to the cylinder housing 55. 
Figure 9 shows the position of the operating cylinder 52 
after the housing 35 has been moved downwards rela- 
tive to the supporting element and the teat cup 21 has 
been released from the robot arm. After the milk flow 
from the relevant udder quarter has finished or almost 
finished, the teat cup has to be disconnected from the 
relevant teat. However, it has first to be ensured that the 
carrying shoe 43 is adjusted into the position in which it 
can easily receive the teat cup disconnected from the 
teat. To this end, the operating cylinder 45 is energized 
to such an extent that the carrying shoe takes the same 
position as it has in the operative position, i.e. in the po- 
sition in which the teat cup can be moved upwards; this 
situation is represented in Figure 10. When afterwards 
the vacuum in the teat cup is removed and the operating 
cylinder 52 is energized, the falling teat cup is immedi- 
ately pulled against the carrying shoe 43. By subse- 
quently energizing again the operating cylinder 45, the 
teat cup can again be adjusted from the operative posi- 
tion into the inoperative position in which the open upper 
side of the teat cup is guarded. Figure 4 further shows 
how a milk hose 56 connected to a teat cup 21 extends 
through the housing 35. From the connection point on 
the teat cup 21 this milk hose extends above the oper- 
ating cylinder 52 and then passes therebehind down- 
wards to a connection point on the connecting block 57. 
The further milk lines connectedto this connecting block 
are not shown in the figures. The relatively large loop in 
the milk hose enables to move the robot arm sufficiently 
far from a connected teat cup. 

[0020] When upon withdrawing a teat cup to the robot 
arm the operating cylinder 52 is pulled out, the milk hose 
is moved at the same time upwards and rearwards by 
means of the guide element 53, so that the milk hose is 
always in a controlled position and there is no risk of 
kinking of the milk hose. 

[0021] For the purpose of connecting a teat cup via 
an upward pivoting movement to a relevant teat, the po- 
sition of the teat relative to the robot arm must be known. 
To that end, the detector 22 is provided. Although a ro- 
tating or pivotable laser detector may be used therefor, 
preference is given to a pivotable camera or two cam- 



eras which are fixedly arranged at different angles. In 
order to be able to use the detector during 24 hours, 
consequently also when it Is dark in the milk box, these 
cameras should favourably be designed as infrared 

5 cameras. Upon using such cameras, by means of pic- 
ture analysis the contours of a teat are established rel- 
ative to a specific reference point, e.g. the middle of the 
image covered by the camera. For example, when a teat 
is located at a distance a on the right of the vertical di- 

10 ameter through said reference point and, after a pivoting 
movement of the camera through an angle <p at a dis- 
tance b on the left of this vertical diameter, then for the 
distance r of the teat relative to the camera it applies 
that r.tp = a + b. The angular position p of the teat relative 

15 to the position of the camera in a horizontal plane can 
e.g. be determined according to the relation a = (J.r. As 
a result of the fact that the height at which the robot arm 
is located upon determining the position of the teat can 
be known from the position of the operating cylinder 1 7, 

20 the position of a teat, expressed in cylinder coordinates, 
can permanently be kept up to date. 



Claims 

25 

1. An implement for milking animals, such as cows, 
provided with a milking robot including a robot arm 
(14; 26) which is adapted to carry teat cups (21), 
characterized in that there is disposed a pivotable 

30 camera on the robot arm (14; 26). 

2. An implement for milking animals as claimed in 
claim 1 , characterized in that a detector (22) is 
provided for detecting the position of a teat relative 

35 to the robot arm (14; 26), which detector (22) com- 
prises said camera. 

3. An implement for milking animals, such as cows, 
provided with a milking robot including a robot arm 

40 (14; 26) which is adapted to carry teat cups (21), 
characterized In that on the robot arm (14; 26) 
there are disposed two cameras, which are fixedly 
arranged, though at different angles. 

*5 4. An implement for milking animals as claimed in 
claim 1 , 2 or 3, characterized in that at least one 
camera is designed as an infrared camera. 

5. An implement for milking animals, such as cows, 
50 provided with a milking robot including a robot arm 

(14; 26) which is adapted to carry teat cups (21), 
characterized In that on the robot arm (14; 26) 
there are disposed at least two cameras, of which 
at least one is designed as an infrared camera. 

55 

6. An implement for milking animals as claimed in 
claim 3, 4 or 5, characterized in that a detector 
(22) is provided for detecting the position of a teat 
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relative to the robot arm (14; 26), which detector 
(22) comprises said camera. 
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